Abstract-Sleep Apnea-Hypopnea Syndrome (SAHS) diagnosis is still done with an overnight multi-channel polysomnography. Several efforts are being made to study profoundly the snore mechanism and discover how it can provide an opportunity to diagnose the disease. This work introduces the concept of regular snores, defined as the ones produced in consecutive respiratory cycles, since they are produced in a regular way, without interruptions. We applied 2 thresholds (TH adaptive and TH median ) to the time interval between successive snores of 34 subjects in order to select regular snores from the whole all-night snore sequence. Afterwards, we studied the effectiveness that parameters, such as time interval between successive snores and the mean intensity of snores, have on distinguishing between different levels of SAHS severity (AHI (ApneaHypopnea Index)<5h ). Results showed that TH adaptive outperformed TH median on selecting regular snores. Moreover, the outcome achieved with non-regular snores intensity features suggests that these carry key information on SAHS severity.
I. INTRODUCTION
NORING frequently accompanies SAHS (Sleep ApneaHypopnea Syndrome) and is universally recognized as one of its earliest symptom [1;2] . Hence, the most recent research in this field is focused on understanding this breathing disorder and proving that it can provide us the earliest opportunity to diagnose/screen this disease.
Several techniques such as sound intensity calculations, power spectrum analysis, feature extraction in time and frequency domains and attempts to model snore sounds are the latest efforts giving evidence that snoring carries information on SAHS [3] [4] [5] . Even though these latest works added auspicious information there seems to be a lack of emphasis on how the anatomical structure of the upper airways has effect on the time production of snores. Very few studies address the potential that sequential properties of snoring have on screening of SAHS [6] .
In this work we introduce the concept of regular snores, as the ones produced in consecutive respiratory cycles, since they are produced in a regular way, without Not all time intervals between snores can be considered because they can either be: apnea episodes or periods of time where the subject is simply breathing (inspiration and exhalation events). For that reason, we applied 2 different thresholds to the time interval between successive snores in order to select the regular snores from 34 subjects. Our purpose is to study the characteristics of regular and non-regular snores and to uncover if their features enable to distinguish between different levels of SAHS severity subjects: AHI (ApneaHypopnea Index) <5h 
II. MATERIALS AND METHODS

A. Signal acquisition
Snoring sound signals were acquired while full-night polysomnography was being performed on the sleep disorders laboratory of the Hospital Universitari Germans Trias i Pujol in Badalona, Spain. Snoring sound was recorded with a unidirectional electric condenser microphone placed over the trachea at the level of the cricoid cartilage using an elastic band. The sound signal was amplified and filtered using second order Butterworth pass-band filter between 70 and 2000Hz and digitized with a sampling frequency of 5000Hz and a 12-bit analog/digital converter [5] .
B. Database
The respiratory sound signal database consisted of 34 subjects (8 females and 26 males with age range of 37-72 years and Apnea-Hypopnea Index range of 3.7-109.9h -1 ) described in Table I . Fig. 1 Example of an excerpt of a snoring sound signal extracted from a subject from our database Snoring episodes were identified by a proficiently trained and validated automatic detector and analyzer [5;9] (Fig1). Let SS be the time interval between successive snores:
where S on (i) is the onset of the detected ith snore S(i) and NSnores is the total number of detected snores.
Previous studies never offered a proper and decisive explanation for the fact that all time intervals between snores should be considered if they have less than 10 seconds [6;10] . The 10 second threshold (TH 10 ) is based on the accepted convention that an air flow cessation that lasts more than 10 seconds is scored as an apnea [7] .
Since we are interested in selecting regular snore episodes from all night (6 hours) sequences, we applied two different thresholds to the SS(i) in order to identify consecutive snoring respiratory cycles.
The adaptive threshold, TH adaptive (i) , is defined as follows:
where θ=10 is a constant threshold, δ=0.1 is the significance assigned to ith SS for computing the adaptive threshold TH adaptive (i) at the ith snore and H[β] is the Heaviside step function, whose value is 0 for β<0 and 1 for β>=0.
The median threshold, TH median , is defined as follows:
Let R_SS(i) be the time interval between successive regular snores:
A_Snores, R_Snores and NR_Snores be all snores, the selected regular snores and non-regular snores, respectively: Fig.1, S(i+3) would belong to the group of NR_Snores adaptive .
D. Parameters and Features of Snores
The parameters studied were: R_SS(i), the time interval between successive regular snores, and IMean(i)(dB SPL), the mean snore intensity of S(i). The features computed from each parameter are shown in Table II . (Table IIIa) . Moreover, the results were also favourable for the Std and sIQ features when distinguishing between groups of subjects with AHI above and under 5h -1 and 10h -1 (p<0.05). For the R_SS(i) selected after applying TH median , the features did not perform such good results ( Table IIIb) . The p-values obtained for all features while differentiating between subjects with AHI of 5, 10 and 15 h -1 did not have statistical significance (p>0.05). The only significant differences (p<0.05) were obtained for seven features when comparing the groups of subjects with AHI above and under 30h -1 . With TH 10 there were no statistically significant differences observed for any feature.
To observe in what extent the TH adaptive offered better results, we computed the histograms of the R_SS adaptive for all 34 subjects. The average of the histogram envelopes were calculated and drawn for two groups with different levels of severity: AHI<15h -1 (Fig.2a) and AHI<30h -1 (Fig.2b) . We can observe a clear distinction between the shape of the envelopes of subjects with AHI above and under 15h -1 and 30h -1 , which confirm the p-values obtained. Moreover, we can observe that the number of R_SS events under 1 second is much higher for subjects with AHI greater than 15h -1 or 30h -1 . This indicates that most severe patients tend to snore in consecutive breathing events, i.e. they snore in consecutive inspiration and exhalation events.
Since TH adaptive performed better than TH median we decided to analyze quantitatively the mean intensity of R_Snores adaptive and NR_Snores adaptive .
In the case of R_Snores adaptive there were no Imean features for which the p-value was under 0.05 significance level. On the other hand, there are 6 Imean features derived from non-regular snores that show high statistically significant differences (p<0.001) between subjects from contrasting groups of AHI severity (Table  IIIc) .
We computed the Imean histograms for the regular and non-regular snores (Fig.3) .
With respect to regular snores (Fig.3a) the shape of the histograms is very similar for the two groups with contrasting AHI. Conversely, the results obtained for nonregular snores (Fig.3b) show utterly different shapes for the two groups of subjects. All 3 plots shown on Fig.3b make evidence that non-regular snores from subjects with higher AHI have a mean intensity predominantly above 55dB SPL with respect to subjects of lower AHI.
IV. CONCLUSIONS
The application of two distinctly mathematically structured thresholds to the time interval between successive snores of 34 subjects was essential to properly select regular snores from all-night snore episode sequences. TH adaptive outperformed TH median on that purpose which is intuitively explained since the former takes into account the evolution of SS(i) through all night sleep as it is based on the concept of an adaptive estimation.
We observe that the time interval between successive regular snores has distinct distribution for subjects with high and low levels of AHI. The R_SS events under one second are much more frequent for subjects with high AHI index since they have propensity to snore in consecutive inspiration and exhalation events. In addition, several R_SS adaptive features allowed the statistical distinction of subjects with high and low levels of AHI.
Regular snores have very similar mean intensity values for all 4 levels of AHI severity considered: AHI<5h -1 , AHI<10h -1 , AHI<15h -1 and AHI<30h -1 . On the other hand, in the case of non-regular snores we can observe very different shapes on the mean intensity histograms for subjects with opposite AHI degrees of severity, which were confirmed by statistically significant differences between populations. Furthermore, we found that nonregular snores from the most severe SAHS subjects present very frequently mean intensity values above 55dB SPL with respect to subjects of lower AHI. This makes evidence that non regular snores carry a large extent of information with respect to the screening of SAHS based on sound intensity.
Once we classify, from a whole sequence of snores, the ones that are regular and the ones that are non-regular, we can study these two groups of snores separately and explore its potential to screen subjects with SAHS.
The concept of regular snores is a new and promising approach to study the snore mechanism production and can help evaluating the performance of already available techniques being applied to snoring.
